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Enzymic acylation of 91utamine by phenylacetic acid 
The excre t ion  of p h e n y l a c e t y l g l u t a m i n e  (PAG), a cons t i t uen t  of no rma l  h u m a n  urine 1, is aug-  
m e n t e d  by  oral a d m i n i s t r a t i o n  of p h e n y l a c e t a t e  2. Considerable  quan t i t i e s  of P A G  have  also been 
found  in t he  ur ine  of pa t i en t s  with p h e n y l p y r u v i c  ol igophrenial ,3A.  The  avai lable  evidence 
sugges t s  t h a t  the  pheny lace ty l  mo i e t y  of P A G  excre ted  in th is  disease and  by  no rma l  ind iv idua ls  
is der ived f rom pheny la lan ine .  In  cont ras t ,  t he  benzoyl  mo ie ty  of h ippur ic  acid appear s  to arise 
ma in ly  f rom d ie ta ry  benzoate .  F u r t h e r m o r e ,  a l t h o u g h  admin i s t e red  benzoa te  or pheny l ace t a t e  
is charac te r i s t ica l ly  excre ted  by  m o s t  m a m m a l s  as the  cor responding  acyl  glycine der ivat ive ,  
in m a n  p h e n y l a c e t a t e  and  benzoa te  follow different  p a t h w a y s ,  t he  former  yielding PAG and  the  
l a t t e r  h ippura te .  The  capac i ty  to form P A G  therefore  appea r s  to be res t r ic ted  to h u m a n  t i ssues  
and  poss ib ly  also to those  of t he  ch impanzee  5. 

This  c o m m u n i c a t i o n  describes an  inves t iga t ion  of the  enzymic  m e c h a n i s m  involved  in the  
fo rma t ion  of P A G  by  h u m a n  t issues.  W h e n  h o m o g e n a t e s  of h u m a n  liver were incuba ted  wi th  
z4C-L-glutamine and  pheny lace t a t e ,  evidence was  ob ta ined  for the  fo rmat ion  of PAG. PAG 
syn thes i s  was increased by  addi t ion  of coenzyme  A and  ATP,  sugges t i ng  t h a t  pheny lace ty l -  
coenzyme  A is an  i n t e rmed i a t e  in the  fo rma t ion  of PAG. E x p e r i m e n t s  were therefore  carried 
ou t  in which  14C-L-glutamine was i ncuba t ed  wi th  p h e n y l a c e t y l - c o e n z y m e  A in the  presence of 
several  h u m a n  t i ssues  (Table I). Af ter  incuba t ion ,  the  reac t ion  m i x t u r e s  were b r o u g h t  to 7 ° % 
wi th  respec t  to e thano l  and  an  a l iquot  of the  e thanol -so luble  f ract ion was applied to filter paper  
str ips.  Af te r  c h r o m a t o g r a p h y  in n - b u t a n o l - w a t e r - a c e t i c  acid (4: i : I), I cm sect ions of the  s t r ips  
were coun ted  wi th  a th in  mica -window tube.  U n d e r  these  condi t ions ,  P A G  was readi ly  separa ted  
f rom pyrrol idone  carboxyl ic  acid, a -ke tog lu ta r ic  acid, g lu t amic  acid, and  g lu tamine .  F o r m a t i o n  
of rad ioac t ive  P A G  was  observed  wi th  h u m a n  liver and  k idney  prepara t ions ,  b u t  could no t  be 
d e m o n s t r a t e d  wi th  ra t  liver (Table I). 

T A B L E  I 

[ ~  V~IYO FORMATION OF 14C-PHENYLACETYLGLUTAMINE BY HUMAN LIVER* 

Source o[ homogenate % Conversion 

H u m a n  liver (biopsy) 9.8 
H u m a n  liver (biopsy) ; boiled, IOO °, 2 rain o 
H u m a n  liver (biopsy) ; pheny lace ty l -CoA omi t t ed  o 
H u m a n  liver (autopsy)  4.9 
H u m a n  k idney  (autopsy)  13.5 
R a t  l iver o 

* The  reac t ion  m i x t u r e  con ta ined  0.6 ml  of a 33 % homogena te ,  2.25 #mo le s  phenylace ty l -CoA,  
1.26 ?~moles r andomly- labe led  14C-L-glutamine and  15o ?~moles sod ium p h o s p h a t e  a t  p H  8.2 in 
a final vo lume  of i ml ;  i ncuba t ed  for i h a t  37.5 °. Values  are expressed  as convers ion of 14C- 
g lu t amine  to PAG.  

Fig. I. Rad ioac t ive  ana lys i s  of a c h r o m a t o g r a m  of an  e thanol -so luble  f ract ion in n -bu tano l -  
acetic acid. E igh t  m g  of a 4o-fold purified h u m a n  liver e n z y m e  were i ncuba t ed  wi th  2.25 pmoles  
phenylace ty l -CoA,  1.26 ~moles  14C-L- 
g lu t amine  and  15o/~moles sod i um phos-  
p h a t e  a t  p H  8.2 for I h in a final vo l ume  
of i ml  and  processed as descr ibed in the  
t ex t .  C h r o m a t o g r a p h y  in tert.-butanol- 
formic acid, in which  g l u t a m i n e  and  
g lu t amic  acid were resolved,  indica ted  
t h a t  a p p r o x i m a t e l y  3 0 %  of the  14C- 
g l u t a m i n e  (GM) had  been  conver ted  to 
g lu tamic  acid (GA). A smal l  a m o u n t  of  
a -ke tog lu ta r ic  acid (a-KG) was  formed.  
The  fo rma t ion  of g rea te r  a m o u n t s  of py r -  
rol idone carboxyl ic  acid (PCA) f rom 
g lu t amine ,  which  occurs  a t  e leva ted  t em-  
pera tures ,  was  p r even t ed  by  e v a p o r a t i n g  
t he  e thanol -so luble  f rac t ion  on filter pape r  

wi th  a s t r e a m  of cold air. 
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Human liver and kidney were fractionated to yield preparations of the acylating activity 
that  were 4 °- to Ioo-fold more active per milligram of protein than the original homogenates. 
A typical experiment carried out with the purified liver enzyme is described in Fig. i. When 
chromatography was carried out with four other solvents, similar results were obtained, and 
within experimental error, the same amount of 14C-PAG was recovered. In all five solvent systems, 
the RF values of 14C-PAG agreed with those of an authentic sample of PAG prepared by organic 
synthesis from L-glutamine. Elution of the I*C-PAG from the paper strips, followed by acid 
hydrolysis, yielded glutamic acid as the only radioactive product. 

The present results indicate that  phenylacetyl-coenzyme A is an intermediate involved in 
PAG synthesis. Phenylacetyl-coenzyme A may arise in the course of the oxidative-decarboxylation 
of phenylpyruvate formed from phenylalanine by transamination, or by the activation of exo- 
genous phenylacetate. These reactions may be represented as follows: 

C~-CH2--~H--C00H > ~CHz--~--C00H 
NH~ [ 0 

CONH2 [ ~ - C H , - - C O O H  ] 
- -  CONH 2 

(CH2)~ O O (CH2) z 

HCNH~ + ~=~-CH~--C--S--CoA ~__~-CH,--C--NH--CH 
I f C00H C00H 

Studies on the specificity and other properties of the purified acylating enzyme system obtained 
from liver and kidney and of the activating system prepared from human liver mitochondria 
are in progress. 
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Specific protection of the thiol 9roups of aldehyde dehydrogenases by 
pyridine-nucleotide coenzymes* 

The potassium-activated yeast aldehyde dehydrogenase (BLACK1), the TPN-linked yeast aldehyde 
dehydrogenase (SEEGMILLER2), and the aldehyde dehydrogenase from liver (RACKERS), are in- 
hibited by the following sulfhydryl reagents : a trivalent arsenical compound (3-amino-4-hydroxy- 
phenylarsenoxide or mapharside), N-ethylmaleimide, o-iodosobenzoate, p-chloromercuribenzoate 
and iodoacetate. The yeast TPN-specific enzyme is comparatively the most sensitive to p-chloro- 
mercuribenzoate, o-iodosobenzoate, N-ethylmaleimide, and iodoacetate, whereas the yeast 
potassium-activated dehydrogenase is the most sensitive to mapharside. These findings allow the 
inclusion of yeast TPN-specific dehydrogenase in the group of SH enzymes and extend the already 
existing evidence of the essential role of thiols in the aldehyde dehydrogenases described by 
BLACK I and RACKER 8. 

* DPN and DPNH, oxidized and reduced diphosphopyridine nucleotide; TPN, triphospho- 
pyridine nucleotide. 


